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Effect of Sodium Dodecyl Sulfate Micelles on Complex Formation
of -2Nitroso-1-Naphthol with Iron (II) Ion in Aqueous Urea
Solutions

* Hisham J. Y. E l –Aila
Department of Chemistry, Al – Aqsa University, Gaza, Palestine

Abstract:
The effect of sodium dodecyl sulfate (SDS) micelles on the observed rate constant (kobs) for
complex formation of 2-nitroso-1-naphthol (NAPH ) with iron (II) ion (Fe2+) in the presence of 0.02 M
NaOH at 25oC was studied at different urea concentrations. Typical saturation behavior was observed
at [NAPH] ≥ 0.001 M and [Fe2+] ≥ 0.015 M, which allows the electron transfer rate constant (ketm )
between NAPH and Fe2+ in the micellar pseudophase to be evaluated. The increase in urea concentrattion from 0.0 to 4.0 M has three effects. It increases ketm from 0.072 to 0.239 s-1, decreases the critical
micelle concentration (cmc) from 6.5 to 3.5 mM and  increases the NAPH binding constant to SDS
micelles (K) from 20 to 170 M-1. At constant SDS concentration, the complex formation constant
(KIP) increases with increasing urea concentration.  

امللخ�ص

:

) الف َعالة �سطوحيا ً على ثابت معدلSDS( مت يف هذا البحث درا�سة ت أ�ثري مي�سيالت دودي�سيل �سلفات ال�صوديوم
) يف وجود و�سط قاعدي من هيدروك�سيدFe2+( ) و أ�يون احلديدوزNAPH(  نفثول--1نيرتوزو2-) بنيkobs(التفاعل
.م يف وجود تراكيز خمتلفة من اليوريا25o  موالرية عند0.02) برتكيزNaOH( ال�صوديوم
2+
] وهوFe [ ≥  موالريةNAPH] ≥ , 0.01[  موالرية0.001) عند تركيزkobs( لقد مت درا�سة ثابت معدل التفاعل
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 يفFe2+ وNAPH  ) بنيketm( حيث عنده يتم ح�ساب قيمة ثابت انتقال أاللكرتون,ميثل الت�شبع عند هذاالرتكيز
وجود م�سيالت الطور الكاذب
m
أ
s-1 0.239 �إىل0.072  منket  زيادة قيمة:  موالرية ثالثة ت�ثريات هي4.0 0.0- لقد كان لزيادة تركيز اليوريا من
NAPH )بنيK(  مليمولر و زيادة ثابت ا إلرتباط6.5  �إىل3.5 ) منcmc( ونق�صان قيمة الرتكيز احلرج للمي�سيالت
 ف�إنSDS  لقد بينت النتائج أ�نه عند ثبوت تركيز.M-1 170  �إىل20 ) منSDS(ً ومي�سيالت املادة الف َعالة �سطوحيا
.) يزيد بزيادة تركيز اليورياKIP( ثابت تكوين املعقد
Introduction:
2-Nitroso-1-naphthol is currently used
as a complexing agent in the analysis
of cobalt and iron (Foretic and Burger,
2002; Foretic and Burger, 2000; Sugawwara et al., 1982). It is also a sensitive
and specific histochemical reagent for
fluorimetric determinations of tyrossine residues in proteins and peptides
(Foretic and Burger, 2002; Sundler et
al., 1976). Along with other phenols
and naphthols, it belongs to biologiccally important compounds, especially,
because of its cytotoxic action (Portela
et al., 1996). It makes part of noxious
substances in the industry of polymers,
cosmetic and pharmaceutical preparattions, dyes and pesticides (Korenman
et al., 1994); hence, the methods of dettermining 2 nitroso- 1-naphthol may be
of practical importance.
One of the most effective means for
modulating the reactivity of species in
solution is altering the nature of the soluute-solvent interactions (Frenandez et
al., 1995; Salem et al., 2002). Non electtrolytes such as urea have been found to
be efficient modifiers of the properties
of aqueous micellar solution (El–Aila,
2005; Baraka et al., 2002; Enea and
Jolicoeur, 1982).
The examination of the equilibrium
and kinetics of metal complex formathttps://digitalcommons.aaru.edu.jo/hujr_a/vol4/iss1/2

tion reactions in relevance to solvent
extraction processes is an active area
of research in the laboratory (Cai et al.,
1995). Electron transfer at interfaces is
of fundamental importance in undersstanding charge transfer occurring in
biological systems (Tanford, 1973). To
acquire better insight in the factors that
control this phenomenon, micelles are
often chosen as systems, which mimic
the reaction environment of biological
interfaces (Bunton, et al., 1978). Reaaction trends in aqueous and micellar
aqueous solutions can be altered by
varying the reaction temperature or
modifying the properties of the aqueous
solvent (Sanchez et al., 1997).
In this work, we carried out a systemaatic kinetic study of complex formattion between iron(II) ion (Fe2+) and
2-nitroso-1-naphthol (NAPH) in basic
medium in the presence of anionic surffactant (SDS) at different concentrattions of urea.
Experimental
Materials
Sodium dodecyl sulfate (SDS) purcchased from Across Organics (Fairllawn, NJ, USA), 2-nitroso-1-naphthol
obtained from Riedel–de-Haen (Seelze,
2
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Germany), and FeSO4.6H2O purchased
from Fluka Chemical Co. (Buchs, Switzzerland) were used as received. The
other materials used were also reagent
grade products . All solutions were  preppared using deionized water.
To prepare sample solution (El–Aila,
2005), a proper volume of FeSO4.
6H2O (from stock solution) was preppared in one glass tube (tube A). A
reagent mixture of suitable volume of
NAPH + urea + NaOH in a second tube
(tube B) was prepared. The same proceess was carried out in micellar soluttions, except that tube B contained the
proper concentration of SDS + NAPH
+ urea + NaOH. A suitable volume of
deionized distilled water was added to
tube B in either case to keep the total
volume of reaction mixture in all experiiments fixed (10 mL). Before mixing,
the contents of both tubes A and B were
thermostated separately for at least 20
min at 25oC. The contents of tube B
was added to the contents of tube A.
Immediately the time of reaction was
recorded by using stop watch (within
accuracy of 1 / 100 s).
All runs employed a large excess of
Fe2+ (0.015 M) over NAPH (0.001 M)
concentration to obtain pseudo first-ordder rate conditions. The same proceddure was employed to study the effects
of Fe2+, NAPH, NaOH, SDS, and urea.
Kinetics
The rate of formation of complex of Fe2+
with NAPH in basic aqueous or micelllar solutions in the presence of different
urea concentrations was studied specttrophotometrically by monitoring the
Published by Arab Journals Platform, 2009
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decrease in the absorbance of NAPH as
a function of time at 430 nm (Foretic
and Burger, 2002, Foretic and Burger,
2000) and 25.0 ± 0.1oC using CECILL
1020 UV–VIS spectrophotometer. All
measurements were carried out in the
presence   of 0.02 M NaOH (pH ~12).
The ionic strength was kept constant by
adding the required amount of NaNO3
salt. The uncertainty in the observed
rate constant ( kobs, s-1) was estimated to
be less than 4% .
The critical micellar concentration
(cmc) of SDS in the presence of the
reactants was estimated by surface tenssion method by carrying out series of  
measurements at increasing SDS conccentration at 25oC with drop method.
The instrument employed is called a
stalagomete (Mee and Speakman 1968)
with relative accuracy of about 3%.
The cmc value was obtained from the
point showing discontinuity in the plots
of the measured surface tension versus
surfactant concentration profile. (El–
Aila, 2005; Salem, 2002; Frenandez et
al., 1995; Korenman et al., 1994).
Results and Discussion
The rate of complex formation of Fe2+
by NAPH was studied in the absence
and the presence of 0.15 M SDS in
different concentrations of urea at
25oC and at different concentrations
of NaOH. The observed rate constant
values (kobs) were found to be indeppendent on [NaOH] within the range
0.015 to 0.05 M  in  the presence and
absence of 0.15 M SDS. Therefore, the
reaction of NAPH with Fe2+ to form the
3
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complex, Tris(2-nitroso-1-naphtholate)
ferrate(II) (Proskurnin et al., 2003) can
be written as follow:
                         KIP
NAPH + Fe2+  
(NAPH)3 / Fe2+
                          ket
(NAPH)3 / Fe2+
complex

↔
→

The observed rate constant (kobs, s-1) is
a composite parameter. It contains conttributions from the equilibrium compplex formation step and the electron
transfer step (Salem et al. 2002;   Baraaka et al., 2002, (a) Rodriguez, et al.,
1996) Under these condition [Fe2+] >>
[NAPH] the observed data were found
to fit equation (1)
            ket KIP [Fe2+]
kobs=  __________           (1)
            1+ KIP[Fe2+]                
where KIP is the complex formation
constant and ket is the electron transfer
rate constants. The observed rate consstants at different Fe2+ concentrations
in the presence of 0.15 M SDS at diffferent concentrations of urea are shown
graphically in Figure 1 and Table 1. The
KIP and ket values can be obtained from
linear plots of 1/ kobs against 1/ [Fe2+]
as expected from equation (1), results
were shown in Figure 2. The values obttained for KIP are summarized in Table
1. A large KIP value of is consistent with
greater destabilization of the initial state
of the reactants than of ion / ligand compplex ((NAPH)3 / Fe2+) in SDS micelle
as increasing of urea concentration(Cai
et al., 1995 ; (b)Rodrigues et al., 1996).
The increase in solvated urea molecules
in the micellar surface, which may in
https://digitalcommons.aaru.edu.jo/hujr_a/vol4/iss1/2
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turn create regions within the micellar
interfacial region capable of formation
of complex, indicates that the transition
state is more solvated in the urea soluttion of anionic micelles.
On the basis of equation (1) and in the
presence of high Fe2+ concentration,
kinetic saturation behavior might be
expected, i.e. where the observed rate
constant is independent on the complex
formation constant (KIP) with KIP [Fe2+]
>> 1. Hence equation (1) reduces to kobs
≈ ket. Saturation was shown in different
concentrations of urea in the presence
of 0.15 M SDS. In all cases, kinetic
saturation was reached at [Fe2+] ≥ 0.01
M (Figure 1).
The complex formation of Fe2+ with
NAPH in the presence of SDS micelles
was increased by increasing the concenttration of surfactant. Data were depicted
in Table 2 and Figure 3. This increment
in kobs mainly attributed to the attraction
between negative charge of SDS miccelle and positive charge of Fe2+. This
behavior allows Fe2+ ion coming near
little bite from NAPH which adsorbed
at the surface of surfactant through a
physical bonds. This process shows that
surfactant forms a bridge to maximize
interaction between NAPH and Fe2+. A
constant value for kobs would be expecteed according to pseudophase model
            ketw + ketm K [SDS]
kobs  =  ________________     (2)
                  1+  K[SDS]             
Where ketw and ketm are the electron
transfer rate constants between NAPH
and Fe2+ in the bulk water phase and
micellar pseudophase, respectively, K
4
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is an equilibrium constant for binding
NAPH to the surfactant micelles and
[SDS] is the micellized surfactant conccentration [[SDS]T – cmc]. To evaluate
ketm and K from equation (2), the exact
value of the cmc under kinetic condittions is needed. Critical micelle concenttrations in the absence and presence of
reactants at 25oC in SDS systems were
determined from intersection points
of their surface tension vs. surfactant
concentration profiles (Proskurnin et
al., 2003; (b)Rodrigues et al., 1996)
and typical plots are shown in Figure
4. The cmc values were obtained under
different conditions, i.e. in water as solvvent, water + Fe2+ and water + NAPH.
The respective cmc values are 7, 6.5,
4.5 mM. These results reveal that cmc
of SDS is quite sensitive to the nature
of reactants and reaction conditions,
which could not be detected by surface
tension measurements owing the variaation to the concentration of reaction
species during the course of reaction.
An alternative graphical kinetic methood (Baraka et al., 2002; Sanchez et al.,
1997) for determining the cmc at differeent urea concentrations was employed.
In this method, the cmc value was obttained from the point of intersection
of two linear plots of kobs vs. [SDS]T
drawn through the observed points
below the cmc and just above cmc as
shown in Figure 5. These cmc values,
as well as the calculated values for ketm
and K at different urea concentrations,
are summarized in Table 1.
Before analyzing the effect of urea adddition on ketm and K, it is interesting
to note that penetration of the benzene
moiety of NAPH into micellar palisade
Published by Arab Journals Platform, 2009
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layer takes place with the hydrophilic
groups [-OH, -NO] remaining in the
outer region of the micelle. (Baraka et
al., 2002; Sanchez et al., 1997; Rodrrigues et al 1998). Urea also penetrates
near the head groups by replacing some
water molecules which may behave as
a medium for Fe2+ and NAPH to form
complex (Baraka et al., 2002; Zourab et
al 2003).
Increasing the urea concentration from
0.0 to 4.0 M increased ketm  from 0.072
to 0.239 s-1 and K from 20 to 170 M-1
(Table 1). The most plausible explanattion for these observations may be giveen as follows: The increase in ketm  valuues can be interpreted as consequence of
adsorption of Fe2+ at micellar interfacial
region. In addition, the changes in ketm  
values are the consequences of changes
in the characteristics of the reaction
media, the micellar and the aqueous
regions, when urea is added. These
changes will affect the reorganization
energy and reaction free energy of the
electron transfer (Kresheck, 1975). The
addition of urea creates regions and faccilitates interaction of Fe2+ with NAPH
at the palisade part of surfactant, which
results in an increase in ketm  with slight
increase in NAPH binding constant, K,
values. Another factor is the change in
the microenvironment properties; in
fact, an increase in [urea] from 0.0 to
4.0 M decreases cmc value from 6.5 to
3.5 mM. This means that the micellar
concentration increases with increasing
[urea]; this would lead to an increase in
the effective charge of head groups and
the electrical potential at the SDS, miccelle surface would become more negattive (Bunton, et al 1999).
5
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The presence of Fe2+ did not modify the
cmc value obtained in any reactant. In
the presence of NAPH, it seems that
hydrophobic bonding with the exposed
hydrocarbon on the micellar surface
overcomes the electrostatic contributtion of the ion head group interaction,
because NAPH will be solubilized in
the micellar palisade layer with the
hydrophilic part of NAPH exposed
close to the head group region. This
is responsible for the decrease in the
cmc of SDS. Addition of urea clearly
increases the hydrophobic interaction
by decreasing the solubility of the surffactant monomers and therefore, inccreases the micelles formation and then
the cmc should decrease, as was indeed
observed, with increasing urea concenttration; this is shown in Figure 6.
In conclusion, complex formation bettween Fe2+ ion and NAPH legends is
strongly increased by the negatively
charged micelles. The rate of activation
was mainly due to a concentration efffect in the vicinity of the micellar surfface. Urea served to promote complex
formation at the palisade region of surffactant   
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Table 1
KIP values and kinetic parameters of Eq.(2) to simulate kobs – [SDS]
Profiles at different urea concentration
[Urea]
(M)
0.0
0.5
1.0
2.0
3.0
4.0
a

KIP
(M-1)
430
446
526
606
770
952

103ketw
(s-1)a
7.17
9.60
13.0
16.0
26.0
33.0

ketm
(s-1)
0.072
0.082
0.103
0.141
0.191
0.239

K
(M-1)
20
40
65
90
120
170

103cmc
(M)
6.5
6.0
5.5
5.0
4.5
3.5

Electron transfer constant, Ketw, obtained in the absence of SDS micelles.

Table 2
Effect of [SDS] on kobs for NAPH / Fe2+ complex formation at different
concentration of urea and 25oC. [NAPH] = 0.001 M, [Fe2+] = 0.015 M
and [NaOH] = 0.02 M
[SDS]B
(M)
0.01
0.02
0.03
0.04
0.05
0.06
0.08
0.10
0.12
0.15
0.20
0.30
0.40

Urea = 0.0 M
0.0005
0.0010
0.0015
0.0020
0.0025
0.0030
0.0035
0.0050
0.0060
0.0066
0.0070
0.0075
0.0080

0.5 M
0.0070
0.0090
0.0110
0.0120
0.0140
0.0150
0.0160
0.0170
0.0180
0.0180
0.0190
0.0200
0.0210

1.0 M
0.0105
0.0120
0.0140
0.0160
0.0180
0.0200
0.0210
0.0220
0.0230
0.0240
0.0240
0.0260
0.0270

https://digitalcommons.aaru.edu.jo/hujr_a/vol4/iss1/2

kobs (s-1)
2.0 M
3.0M
0.0130
0.0150
0.0150
0.0170
0.0160
0.0190
0.0170
0.0220
0.0190
0.0240
0.0210
0.0260
0.0220
0.0280
0.0240
0.0300
0.0260
0.0320
0.0270
0.0330
0.0280
0.0340
0.0300
0.0360
0.0310
0.0370

4.0 M
0.0180
0.0200
0.0220
0.0240
0.0260
0.0280
0.0300
0.0320
0.0340
0.0370
0.0380
0.0400
0.0410

8
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0.0 M
2.0 M
(M
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Figure 1. Effect of [Fe2+] on kobs for NAPH/ Fe2+ complex formation in 0.15 M SDS aqueous
solutions at different concentration of urea and 25oC.[NAPH] = 0.001 M, [NaOH] = 0.02 M.
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Figure.2 Plot of 1/ k obs vs. 1/ [Fe2+] at different concentrations of urea and 25 OC,
[NAPH] = 0.001 M and [NaOH] = 0.02 M.
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Figure 5. Plots of kobs versus [ SDS]T for the Fe2+/ NAPH complex formation at different
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Figure 6. Effect of [ Urea] on the cmc of SDS micellar solutions under
kinetic conditions at 25oC.
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